The theory of radiative processes in quantum theory is formulated on the basis of self-energy, in analogy to classical radiation theory, and is explicitly carried out for the calculation of the Lamb shift and spontaneous emission.
INTRODUCTION
In classical electrodynamics the radiative processes are calculated from the self-energy of the electron in external fields. In contrast, in quantum electrodynamics, the selfenergy is first thrown away and one begins with bare particles; then the self-energy is put back in photon by photon, hence the use of perturbation theory. Recently, it has been argued that. one ought also to be able to develop a quantum electrodynamics based on the self-energy, ' and the general principles of such a theory have been given in the relativistic case.
The purpose of this work is to carry out explicitly the calculations using the full self-energy. Pe shall derive formulas for the Lamb shift and for spontaneous emission, which are here calculated simultaneously.
They are the real and the imaginary parts of a complex energy shift. We use a nonrelativistic wave equation for the electron, as it is simpler to see the main developments. However, it turns out that the final formulas have exactly the same structure for both the nonrelativistic and relativistic cases. In fact the relativistic terms dependent on the spin matrices split nicely. However, we have written this paper so that it can be read independently of the relativistic calculations.
There are several fundamental features of the present theory which one should emphasize at the beginning.
(1) First of all, the matter field g is described by a first-quantized wave function. As we shall see, for onebody problems, like the Lamb shift or the anomalous magnetic moment, it is not necessary to quantize the P 
where partial integration has b en used. Pa~lal integration in the third te~of (1) gives, on the other hand,
From (6) and (7) the total action can be written in terms of P and Az s only. The final result is 
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where we have introduced the form factors
The last term in W' ' vanishes, because "T"'(k)=0.
and vanishes for even magnetic quantum numbers (P" real) and for odd magnetic quantum numbers the two terms with opposite magnetic quantum numbers cancel.
Finally, as shown in Appendix D, the angular integrations f dQk give a factor of 2n, 2n. , and Sn. /3, respec-tively, in the three remaining terms in 8' ' and we obtain
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In the last term of (18), since we have a double sum and since "T (k) T"( -k) is invariant under the permutation n+ m, we have used the identity.
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Thus (23) is a constant infinite term, the same for all levels n (which will of course drop out in the measured energy differences between two levels). The third term is the sum of static Coulomb self-energies of levels. Indeed
Now the first term in (20) is already in this form. In the second term we assume the completeness relations which 8'("'= f dxdx'dk g "P"'(x)P"(x)e 2'
(m~n) XP* (x')P (x')e'"'"
Kroll, who extract after regularization the finite Uehling potentia17 which causes a small level shift to be added to the Bethe term. Wichmann and Kroll interpret the negative energy states as the scattering states of the positrons from the proton. In the present nonrelativistic calculation we could also introduce positron scattering states in the Coulomb field. Work is in progress to regularize the integral (24) in the nonrelativistic case. We denote the regularized finite part of (24) as 8'3"'"s --f dxP"'(x)U(x)P" (x) . (25) Finally the fourth term represents both the Bethe term as well as spontaneous emission. Using
The relativistic counterpart of this term is precisely the vacuum polarization term studied by Wichmann and
these two terms are (29) between the matrix elements of r and p, the last term be- Finally, the fifth and the last term in the action (23) gives, assuming again the completeness relation which we will justify a posteriori, 8'5"'= -f dk dx dx'e'"'*P"'(x') (5 (x')P* (x) --P"(x)e Km l f dkdxdxe '"'" ")P"*(x')-. 5(x -x').-. P"(x) Collecting terms, the total energy 8' now has the form
where L is the operator defined by (27), or 
The Lamb-shift operator L is nonlocal, as it should be from the character of the self-action.
We have not yet said anything about the functions P".
The only property we used was their completeness, so that Eq, (32) is still exact, but L contains all the P~'s in a nonlinear way as given in (27) . Anticipating that the expectation value of L is small after renormalization we see from (32) that we can now choose P" to be the solutions of the renormalized Coulomb problem (hence they are complete). 8"8+"(x) -8"B"A"(x)=ej"(x)
which we can solve formally, A&(x)=e f dx'D&"(x -x')j "(x')+2"'"(x) 
